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SPECIFICATION 
TO WHOM IT MAY CONCERN: 

BE IT KNOWN THAT, Ming (Jason) Zhang, Ph. D, a citizen of Canada and a resident of 
Montreal, Quebec, Canada, has made certain new and useful inventions in 
Pr tection of railway axle and bearing against corrosi n 
of which the following is a specification. 



Protection of railway axle and bearing against corrosion 



1. Cross Reference to Related Applications 

This application claims the benefit of U.S. Provisional Application No. 60/510,042 filed on Oct. 9th, 
2003, which is hereby incorporated by reference in its entirety. 

2. Technical Field 

The present invention relates generally to methods and apparatus for protection of machinery 
components or vehicle components against corrosion under varies conditions. In particular, the 
present invention relates to cathodic protection and sealing methods against corrosion for critical 
areas of railway axle such as axle fillet, axle dust guard, as well as critical areas in railway bearing 
such as backing ring, seal wear ring, cone and bearing cup. 

3. Background of the Invention 

Railway axles presently used are designed to have infinite fatigue life. However, under 
constantly increased rail car loading and higher car running speed, railway axles have recently 
experienced high failure rate in terms of axle cracking, leading to catastrophic train derailments, 
costing the North American railroads millions of dollars. 
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Almost half of the axle cracking incidents occurs at fillet or groove area where highly 
concentrated mechanical stresses combines with accelerated localized corrosion. However, none of 
those critical areas has been so far properly protected in terms of: 

1 . Long term corrosion resistance under variable atmospheric conditions; 

2. Proper impact resistance against flying hard objects from the road. 

The present railway practice requires application of black tare like sealant / rust preventative 
in axle fillet, axle dust guard and axle groove to protect axle against corrosion pitting. The 
investigations / analysis on cracked axles as well as on other secondhand axles back from field 
services found that axle fillet area or axle groove area are often subject to severe localized corrosion 
and the sealant / rust preventative presently used cracks and degrades quickly during road service and 
cease to be effective as physical barrier against water/moisture ingress. The degraded / cracked 
sealant / rust preventative coatings actually induce severe localized corrosion in the axle fillet or the 
axle groove that eventually develop into major cracks under car loading. 

Actually, many coatings, such as epoxy or polyurethane types, are capable of providing good 
long-term corrosion protection by developing high bonding strength with substrate and forming 
firm/tough film on the substrate. Some coatings can even provide certain impact resistance if heavily 
applied. However, due to following reasons, those coatings are not most desirable choice: 

(1) The insulating nature of those permanent coatings make it difficult to perform 
conventional non-destructive inspection (NDT) directly over those coatings; 
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(2) Removal of those permanent coatings from axle as well as from bearing component before 
NDT is extremely difficult without heavy machining. Furthermore, coating removal by 
machining can result in reduction of critical axle/bearing dimensions and shorten service 
lives of axle or bearing components unnecessarily. 

(3) More importantly, the use of those thick permanent coatings put axles at extremely high 
risk in terms of severe localized corrosion once those coatings are accidentally damaged 
or degraded locally. Actually better the general quality of those coatings, faster the 
localized corrosion will progress into major cracks once the coating degrade or be 
damaged, therefore higher risk of axle corrosion cracking in those protected axle fillet or 
grooved areas. 

Another possible approach to stop water/moisture ingress into bearing or axle is application 
of regular seals such as Orings in between wheel and bearing backing ring. Such a solid section seal 
may provide both sealing and impact protection for axle fillet and axle dust guard, as well as for the 
protective coating/sealant applied over the axle dust guard. However, the installed solid seals fill up 
the space between the bearing backing ring and wheel hub, leaving no room for deployment of regular 
bearing removal tools and making it very impracticable for bearing removal. 

Regarding to railway roller bearings, certain measures have been taken to protect encased 
internal moving components against corrosion, such as improved seals, special formulated bearing 
greases containing corrosion inhibitors. Nevertheless, cc water etch", a kind of corrosion damage due 
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to water ingress, occurs frequently on surfaces of encased internal bearing components, causing 
sometimes serious bearing failures and catastrophic car accidents. 

Accordingly, what are needed in the art are improved methods and apparatus to protect 
railway axles and railway bearings against corrosion during long term field service while keeping 
the protected area easily inspected and allowing conventional bearing mounting/dismounting 
practice. 
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4. Summary of the Invention 

One object of the present invention is to provide methods and apparatus that will promote 
cathodic protection in selected critical areas of railway axle and/or selected critical areas of bearing 
components, preventing ocalized corrosion and resulting severe axle corrosion cracking. 

Another object of the present invention is to provide methods and apparatus that will both 
seal critical areas of railway axle / bearing components and at the same time protect them from impact 
damage. 

Another object of the present invention is to provide those above-mentioned protection 
methods and apparatus while keeping the protected areas readily accessible for visual or non 
destructive inspection and allowing conventional bearing mounting / dismounting method be used. 

Other objects and advantages of the present invention can become more apparent to those 
skilled in the art as the nature of the invention is better understood from the accompanying drawings, 
as well as detailed descriptions. 
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5. Brief Description of the Drawings 

Figure 1 is a partial cross sectional view of one embodiment of the present invention in which 
sacrificial metal deposits are selectively applied to critical areas in a railway axle and railway bearing 
components that are mounted to the axle. 

Figure 1 A is an enlarged view of the apparatus depicted in Figure 1. 

Figure 2 is a cross sectional view of another embodiment of the present invention in which 
a seal is installed over an railway axle dust guard. 

Figure 3 is a cross sectional view of an alternative to the embodiment shown in Figure 2. 

Figure 4 is a cross sectional view of another alternative to the embodiment shown in Figure 

2. 
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6. Detailed Description of the Drawings 

Referring to Figure 1 and Figure 1 A, half of a railway wheel set is provided including an axle 
1 10, a curved plate wheel 120, a roller bearing assembly 130, an axle sacrificial metal reserve 160, 
a bearing internal sacrificial metal reserve 170, residual mounting lubricant and sealant 180 and 
bearing lubrication grease 190. 

The wheel 120 is mounted and secured on the axle 110 with interference fit. 

The roller bearing assembly 130 includes a fitted backing ring 131, a pair of seal wear rings 
132, a pair of bearing seals 133, a pair of bearing cones 134, a plurality of roller 135, a spacer ring 
136, a bearing cup 137, an axle end cap 138 and a plurality of cap screws 139. 

The straight end section of the axle 110 enveloped by the bearing assembly 130 is referred as 
axle journal 111. The section of the axle 1 1 0 where wheel 1 20 is mounted is referred as axle wheel 
seat 1 1 2. The smaller curved section of the axle 1 1 0 underneath the backing ring 1 3 1 is referred as 
axle fillet 1 13 and the larger curved section of the axle 110 located between axle fillet 113 and axle 
wheel seat 1 12 is referred as axle dust guard 1 14. 

Accordingly, the curved surface area of the axle fillet 1 13 is referred as axle fillet surface 
1 13S while the curved surface area of the axle dust guard 1 14 as axle dust guard surface 1 14S and 
the straight surface of the axle journal 1 1 1 as 1 1 1 S. 

Surfaces of roller bearing components are named in a similar manner except all the bore 
surfaces being designated with "SI" and the exterior surfaces with "SO". 

The inner bore surfaces in Figure 1 and Figure 1 A are indicated as following: 
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131 SI for the backing ring 131, 132SI for the seal wear ring 132 and 136SI for the spacer 
ring 136. 

The exterior surfaces in Figure 1 and Figure 1 A are indicated as following: 
13 ISO for the backing ring 131 and 136SO for the spacer ring 136. 
The axle sacrificial metal reserve 160 is a plurality of sacrificial metal films deposited to 
following areas that remain substantially contact free during and after wheel set assembly: 

(A) Portions of inner bore surfaces that remains contact free or be subject to only loose 
contact, including 131 SI of the bearing backing ring 131, 132SI of the seal wear ring 132 
and 136SI of the spacer ring 136; 

(B) Portions of axle surfaces that remains contact free or be subject to only loose contact 
including 1 13S of the axle fillet 1 13, 1 MSI of the axle dust guard 1 14 and a portion of 
1 1 1 S of the axle journal 1 1 1 underneath the seal wear ring 1 32. 

The mounting lubricant / sealant 1 80 is also left on bearing surface and axle surfaces after assembly 
of the axle 1 10 and the bearing 130, with relatively large quantity left on above mentioned contact- 
free portions of bearing surfaces and axle surfaces. 

The sacrificial metal films contain, at high percentage, single or multiple metal or alloys that 
are electrochemically anodic to substrate axle steel or substrate bearing steel. The sacrificial metal 
films may have a single or multiple layer structure and be applied by single or multiple suitable 
processes including but not limited to painting, thermal spraying, electroplating, and galvanizing. The 
preferred deposition processes for the present railway wheel set application are inorganic zinc 
painting, zinc or Zn-Al thermal spraying, zinc or Zn-Ni brush plating. All those preferred processes 
are capable of depositing sacrificial metal films locally, selectively and at low temperatures. 
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The most preferred deposition process for following axle surfaces and bearing component 
surfaces, such as 113S, 114S, 11 IS, 131SI, 132SIand 136SI, is conventional self curing inorganic 
zinc-silicate painting. Such inorganic zinc silicate coating, ranging from 1 to 10 mils thick, consists 
of more than 60% by volume zinc dust in finely divided particle size form dispersed in a mediums 
bound in a matrix of silica Since zinc is electrochemically anodic to axle and bearing steel, the cured 
zinc paint prevents corrosion of the underlying axle or bearing steel surfaces by providing cathodic 
sacrifical protection. In addition, the coating forms an impermeable barrier with zinc salts against 
further water or ion penetration and self heals to resume protection once the painting being damaged 
accidentally. 

Before painting, the axle surfaces are ground or machined following the present standard axle 
reconditioning practices. Taking advantage of relatively weak bonding strength, zinc paint can be 
easily removed and reapplied after completion of axle reconditioning and non-destructive inspections. 

Before painting, the surfaces of bearing components are sand or grit blasted following the 
present standard cleaning practices. 

Under rail car loading, the axle fillet 1 13 and adjacent areas in the railway axle 1 10 are subject 
to locally concentrated mechanical stress due to abrupt diameter changes in the axle fillet 1 13. To 
avoid any possible stress concentration, it is a common design practice that matting bearing 
component, in the case the bearing backing ring, remain contact free from the axle fillet 113. 

Since sacrificial metal films are deposited on those axle fillet surface 1 13S and on the bore 
surface 131 S of the bearing backing ring 131 that remain substantially contact free during and after 
wheel set assembly, there are no risk of film damages during the bearing mounting process and 
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dismounting process. The sacrificial metal films is also protected by the mounted backing ring 131 
during the long-term field services. 

It should be noted that the sacrificial metal films are of any suitable type including but not 
limited to zinc, zinc alloys, tin, tin alloys, cadmium and aluminum. 

It should also be noted that the axle sacrificial metal reserve may be one or a plurality of 
sacrificial metal strip components mounted to the above-mentioned contact free axle or bearing 
surfaces. Those mounted metal strips, preferably in zinc or magnesium, act as sacrificial anode, 
protecting cathodically axle and bearing surfaces in case of water or moisture ingress. 

It should also be noted that the sacrificial metal films or sacrificial metal strips may be applied 
or mounted to above mentioned contact free bearing surfaces only or to above mentioned contact free 
axle surfaces only. Since bearing 130, axle 1 10 and residual mounting / sealing compound 180 are 
all in electrical contact, the sacrificial metal films or mounted sacrificial metal strip components, 
although only applied or mounted to bearing surfaces or only to axle surfaces, can actually protect 
both axle and bearing components at the same time. The preferred sacrificial metal film deposition 
processes in this case are the ones that are capable of depositing dense metal films such as 
electroplating, brush plating, HVOF thermal spraying, galvanizing. 

For example, the zinc electrodeposit or magnesium strip may be applied or mounted only to 
inner bore surfece 131SI of the bearing backing ring 131 and 132SI of the seal wear ring 132. Since 

(1) the bearing backing ring 131, the seal wear ring 132 and the axle 110 are electrically 
connected; 
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(2) axle surfaces 1 13S, 1 1 IS, bearing surfaces 131 SI and 132SI are in contact with residual 
lubricant / sealant 180 whose conductivity increases in case of water ingress; 

(3) the axle surfaces 1 13S and 1 1 IS are in close proximity to 131SI, 132SI; 

the zinc electrodeposit or magnesium strip applied to 131 SI and 132SI act as sacrificial anode and 
provide not only cathodic protection to the bearing surfaces 131 SI and 132SI, but also to the axle 
surfaces 1 13S and 1 1 IS. 

It should also be noted that the axle sacrificial metal reserve 160 may be one type or a 
plurality types of sacrificial metal dusts contained, at high percentage, within the bearing mounting 
lubricant / sealant 180 that is applied on the axle or bearing surfaces before bearing mounting. Upon 
completion of bearing / axle assembly, the sacrificial metal dusts contained within the residual bearing 
lubricant / sealant 180 are compacted and deposited to the above-mentioned contact free axle or 
bearing surfaces. Those metal dusts maintain electrical contact with the axle 1 1 0 and the bearing 1 30, 
protecting cathodically axle and bearing surfaces in case of water / moisture ingress. 

The bearing internal sacrificial metal reserve 170 includes a plurality of sacrificial metal films 
deposited or a plurality of sacrificial metal strips mounted to the internal bearing areas where no high- 
pressure contacts will be made among internal bearing components such as the outer bore surface 
136SO of the spacer ring 136 and the mid section of the inner bore surface 137SI of the bearing cup 
137. 

Due to the fact that all internal bearing surfaces are in contact with bearing lubrication grease 
190 at the same time, and the electrical conductivity of the grease 190 increases significantly in case 
of water ingress, the sacrificial metal films or strips, although applied only to surface 136SO and 
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137SI, will act as sacrificial anodes and will provide cathodic protection to other internal surfaces of 
bearing components being in contact with the same bearing lubrication grease 190, for example, the 
surfaces of the bearing cup 137 and surfaces of the bearing cone 134. 

The bearing internal sacrificial metal reserve 170 is made of any suitable metal including but 
not limited to zinc, zinc alloy, tin, tin alloy, magnesium, cadmium and aluminum. 

Referring to Figure 2, a railway wheel set is provided including an axle 210, a curved plate 
wheel 220, a roller bearing assembly 230, a protective sleeve 240 and a rust preventative /sealant 250. 

The structure and assembly of the axle 210, the wheel 220 and the bearing 230 are identical 
to the axle 110, the wheel 120 and the bearing 130 shown in Figure 1 and Figure 1A. 

The axle dust guard 214 of the axle 210 has a varying diameter section, thereby defining a 
minimum diameter at the starting of the axle dust guard 214 and a maximum diameter at the end of 
the axle dust guard 214. 

The protective sleeve 240 has one end 241 pre-mounted and sealed to the backing ring 23 1 
of the bearing assembly 230 before bearing mounting. The other end 242 of the sleeve 240 extends 
out of the backing ring 231 with a length substantially longer than the length of the axle dust guard 
214. The end 242 of the sleeve 240 has an inner flange 243 with a diameter larger than minimum 
diameter of the axle dust guard 214 but substantially smaller than the maximum diameter of the axle 
dust guard 214. 

Upon installation of the bearing 230 onto the axle 210, the sleeve 240 starts to engage by its 
inner flange 243 with the axle dust guard surface 214S and finally rests on the axle dust guard 214S 
after rolling and flipping upwards. The mid section of the sleeve 240, which is longer than the axle 
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dust guard 214, is forced to climb and roll onto the axle dust guard surface 214S, creating a 
protruded double seal in the varying diameter section of the axle dust guard surface 214S. The 
protruded section of the sleeve 240 also protects the axle dust guard 214 against impact and protects 
rust preventative / sealing compound 250 that is applied on the axle dust guard surface 214S and now 
underneath the sleeve 240 against impact and UV aging. 

The protective sleeve 240 is made of any suitable material including but not limited to 
polyurethane, neoprene, rubber, other elastomeric or plastic material 

Upon disassembly of the roller bearing 230 from the axle 210, the protective sleeve 240 can 
be easily removed from the axle 2 1 0 together with the bearing backing ring 23 1 . The flexible and thin 
walled sleeve 240 can be deformed during the bearing dismounting process, allowing direct usage of 
regular tool for easy bearing removal. 

Referring to Figure 3, an alternative embodiment of protective sleeve is provided in an 
identical railway wheel set arrangement as presented in Figure 2. The alternative embodiment includes 
an axle 310, a wheel 320, a roller bearing assembly 330, a rust preventative / sealant 350 and a 
protective sleeve 340. 

Upon completion of the wheel set assembly, the protective sleeve 340 has one end 341 
mounted to the backing ring 33 1 and the other end 342 mounted to the adjacent hub 321 of the wheel 
320. 

The sleeve 340 is either pre-mounted to the backing ring 331 or pre-mounted to the wheel 
hub 321 . The other end of the sleeve will be self-mounted upon installation of the roller bearing 330 
to the axle 310. The mounted sleeve 340 may be further secured on the backing ring 331 and the 
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wheel hub 321, either by a pair of clamp means 343 and 344 as shown in Figure 3 or by a suitable 
adhesive / sealant. 

The mid section of the sleeve 340 is substantially longer than the length of the axle dust guard 
314 thereby once bearing 330 is fiilly installed on axle 3 10, the sleeve 340 becomes protruded, being 
forced into close contact with both backing ring and wheel hub, and remaining tightly sealed during 
long term field service. The protruded section of the sleeve 340 also protects the axle dust guard 314 
against impact, and protects rust preventative / sealant 350 that is applied on the axle dust guard 
surface 314S and now underneath the sleeve 340 against impact and UV aging. 

The protective sleeve 340 is made of any suitable material including but not limited to 
polyurethane, neoprene, rubber, other elastomeric or plastic material. 

Upon disassembly of the wheel set, the flexible and thin walled sleeve 340 can be deformed 
during the bearing dismounting process, allowing direct usage of regular tool for easy bearing 
removal. The sleeve 340 can also be safely removed for reuse by flipping / rolling over to the backing 
ring 331 and dismounted from the axle 310 together with bearing assembly 310. 
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7. Other General Remarks: 

1 . While the present invention is initially designed for impact and corrosion protection of railway 
freight car axles and bearings, it is to be understood that the present invention is also 
applicable for protection of other shaft or shaft mounted components in a machinery or a 
vehicle. 

2 . While the present invention is presented in a particular combination of protection scheme, it is 
to be understood that the present invention is also applicable for uses with other possible 
combinations of axle protection schemes with the same benefits. 

3 . The protection schemes configured for railway axle dust guard, railway axle fillet can also be 
applied to other varying diameter section such as grooved areas on a shaft used in a vehicle or 
a shaft used in a machinery. 
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